Consumption of fish offers an excellent source of protein and essential nutrients such as 36 iodine and selenium. Also, some species of oily fish provide significant amounts of 37 long-chain, polyunsaturated omega w-3 fatty acids, eicosapentaenoic acid (EPA), and 38 docosahexaenoic acid (DHA), which help to reduce the risk of cardiovascular disease 39 (Fussenegger et al., 2007) . However, fish can also be a source of substances harmful to 40 the body, as they contain polychlorinated biphenyls, dioxins, and methylmercury 41 (MeHg) (Virtanen et al., 2007) . 42
It is currently considered that consumption of fish is the main path for human 43 exposure to mercury (Hg) (EFSA, 2004) . In predatory marine fish, about 90% of 44 mercury is in the methylated form (methylmercury, MeHg) (WHO, 2008) , while the 45 remainder consists of small or undetectable quantities of inorganic mercury [Hg(II)], 46 ethylmercury, and phenylmercury (Branco et al., 2007; Chang et al., 2007) . The 47
MeHg/Hg ratio is lower in freshwater fish (WHO, 2008) . Methylmercury compounds 48 are considered by the International Agency for Research on Cancer as possibly 49 carcinogenic to humans, Group 2B (IARC, 1993) . Research has shown that MeHg 50 Bioaccessibility can be used as an indicator of maximum oral bioavailability 79 (Versantvoort et al., 2005) . Static and dynamic in vitro gastrointestinal models can be 80 used to determine bioaccessibility of nutrients. The static models simulate transit 81 through the human digestive tract by sequential exposure to simulated mouth, gastric, 82 and small intestinal conditions (pH, temperature, time, enzymes, etc.) (Oomen et al., 83 2002) , and they are the ones that have been most used in studying the bioaccessibility of 84 trace elements from food samples (Intawongse and Dean, 2006) . 85
Very little research has been done on Hg bioaccessibility (Cabañero et al., 2004 (Cabañero et al., , 86 2007 Shim et al., 2009) . It is therefore of great interest to investigate how consideration 87 of the bioaccessible content of total Hg (t-Hg) and MeHg instead of the content in the 88 raw product affects exposure assessments. The aims of the present work were a) to 89 quantify concentrations of t-Hg in raw swordfish and concentrations of t-Hg and MeHg 90 in the bioaccessible fraction obtained after an in vitro gastrointestinal digestion method 91 and b) to make risk assessments by estimating daily intake of Hg and MeHg resulting 92 from consumption of this top predator. 93
94

MATERIALS AND METHODS 95
Equipment. A microwave accelerated reaction system (MARS) from CEM (Vertex, 96 Spain) operating at a power of 800 W was used for digestion of samples prior to 97 quantification of t-Hg. Teflon perfluoroalkoxy (PFA) vessels of 55 ml inner volume 98 were employed. For t-Hg quantification, a continuous flow cold vapor generation-99 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In vitro gastrointestinal digestion. Samples of seafood products were digested using a 151 simulated digestion process developed by our group in an earlier study (Laparra et al., 152 2003) . A quantity of lyophilized swordfish sample, equivalent to 10 g of fresh sample, 153 was weighed and cellular-grade water (90 mL) was added. The pH was adjusted to 2.0 154 with 6 mol L -1 HCl. After 5 min, the pH value was checked and if necessary readjusted 155 to pH 2.0. Freshly prepared pepsin solution (1 g of pepsin in 10 mL of 0.1 mol L -1 HCl) 156 was added to provide 0.01 g of pepsin/10 g fresh sample. The sample was made up to 157 100 g with water, and incubated in a shaking water bath (stroke rate 120 min -1 ) at 37 ºC 158 for 2 h to emulate the gastric stage of digestion. 159
Then, for the intestinal digestion, the pH value was raised to pH 5.0 by drop-wise 160 addition of 1 mol L -1 NaHCO 3 . The pancreatin-bile extract mixture (0.2 g of pancreatin 161 and 1.25 g of bile extract in 50 mL of 0.1 mol L -1 NaHCO 3 ) was added to provide 162 0.0025 g of pancreatin/10 g fresh sample, and 0.015 g of bile extract/10 g fresh sample. 163 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Cabañero et al., 2004; Falcó et al., 2006; Blanco et al., 2008) . Furthermore, the 215 values found in the present work are similar to those reported in the last five years for 216 swordfish of various origins (Table 3) . Only in samples acquired in Taiwan much 217 higher mean concentrations have been found (3.6 ± 0.5 mg kg -1 ww) (Chen et al., 2007) . 218
Some authors have found a linear correlation between the concentrations of Hg 219 and the length and age of the fish, as most of the Hg is in the form of MeHg bound to 220 the thiol groups of proteins, which increase with age (Monteiro and Lopes, 1990; 221 Storelli and Marcotrigliano, 2001; Branco et al., 2004; Branco et al., 2007) . A 222 correlation has also been found between the concentration of Hg in the muscle and the 223 area where the fish was caught (Branco et al., 2007) . The size of the liver of predatory 224 fish is another physiological variable that researchers have attempted to correlate with 225 Hg concentrations. However, further studies must be conducted in this regard as the 226 results differ depending on the species of fish considered. Concentrations have been 227 found in the liver of swordfish and bluefin that are between 2 and 3 times greater than 228 the levels in muscle (Storelli et al., 2005; Branco et al., 2007) , attaining 9.8 µg g -1 ww 229 in the liver of swordfish from the area of Ecuador (Branco et al., 2007) . In samples of 230 shark, however, Hg concentrations in the liver have been shown to be less than those of 231 muscle (Branco et al., 2007) . 232
With regard to the food safety of the samples analyzed, 37% exceed the value of 1 233 µg g -1 ww, the maximum limit of Hg permitted by Spanish legislation in swordfish 234 (European Commission, 2006) . It is important to emphasize that food alerts concerning 235 high Hg concentrations in fish have increased in Spain and other countries in recent 236
years. This is shown in a report of the Rapid Alert System for Food and Feed of UE 237 (RASFF, 2009), which gives details of the notification of 128 alerts concerning mercury 238 
104%. 258
Bioaccessible t-Hg. The concentrations of bioaccessible t-Hg (Table 2) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 We are not aware of the existence of previous data of bioaccessible MeHg 290 concentrations. There are only the reports by Cabañero et al. (2004 Cabañero et al. ( , 2007 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 child population (0.69 g/day), the daily intake would attain a maximum of 6% of the 332 TDI, which does not indicate the existence of a risk. If the estimate is based only on the 333 intake of consumers of the product, however, the situation is very different. For the 334 mean consumption by children (51.67 g/day), the intake of t-Hg is less than the TDI 335 (85% of the TDI) if the lowest concentration of t-Hg found in swordfish is assumed, but 336 consumption is much greater than the TDI: between 1.9 and 9.5 times. Adults face a 339 similar situation: assuming the mean consumption of the entire population (1.53 g/day), 340 intake is 7% of the TDI at most; for consumers of the product, the TDI is exceeded in 341 the cases of mean consumption (60.26 g/day) and high consumption (102.34 g/day) of 342 swordfish with mean or maximum concentrations of t-Hg. 343
Estimation of MeHg intake from contents in raw swordfish. To determine the 344 intake of MeHg (Table 5) , we assumed that all of the Hg in raw swordfish is present as 345
MeHg, providing a protectionist estimate for the consumer. This is also the general 2.7 and 13.6 times the TDI in the case of children, and between 1.6 and 7.9 times the 355 TDI in the case of adults. The most worrying situation is that of high consumers, both 356 children and adults, whose intake of MeHg is 29.6 and 13.5 times greater than the 357 recommended value, respectively. If the estimated intakes are compared with the MeHg 358 reference value established by the USEPA (0.1 µg/kg body weight/day), 2.3 times less 359 than the WHO value, the exposure situation is even worse. 360 swordfish, that is at risk as a result of exposure to Hg from this product. This is the case 363 even when the swordfish has a concentration of Hg below the maximum limit 364 established by the legislation (1 mg/kg ww). This should lead the authorities to make 365 recommendations of maximum consumption of this product by children and adults. In 366 view of the neurotoxic nature of MeHg and its transmission through the placenta and 367 breast milk, some countries have adopted recommendations for groups at risk: women 368 who may become pregnant, pregnant women, nursing mothers, and young children. 369 This is the case in the UK, where the FSA recommends that babies and pregnant women 370
should not consume swordfish and that breastfeeding women should not consume more 371 than one portion per week (FSA, 2008) . Another example is Canada, where Health 372
Canada recommends a maximum consumption of 150 g of swordfish per month for 373 certain women (those that are or may become pregnant or are breastfeeding), 125 g per 374 month for children 5-11 years old, and 75 g per month for children 1-4 years old 375 (Health Canada, 2008) . In Spain, there are no recommendations in this regard. As Table  376 6 shows, even if all the Hg quantified in the fish analyzed were in the form of MeHg, 377 the weekly consumption of 25 g swordfish/week for Spanish children and 50 g/week for 378 adults would give MeHg intakes lower than the PTWI recommended by the WHO. 379
Even if the concentration of Hg in the fish (0.958 mg kg -1 ww) were very close to the 380 maximum value permitted by the legislation (1 mg kg -1 ww), consumption of these 381 quantities would not represent a health risk. Recommendations for the Spanish 382 population concerning monthly consumption could be set at values very close to those 383 stipulated in the UK and Canada. 384 (Fig. 1) , the mean estimated 388 intake for children (51.7 g of swordfish/day) ranges between 8 and 79 µg MeHg/day 389 (mean value = 32 µg MeHg/day), exceeding the TDI values recommended by the WHO 390 by 1-10 times (mean = 3.2 times the TDI). For adult consumers of swordfish (60.3 391 g/day according to the study by the CSN mentioned earlier) the estimated intakes of 392
MeHg range between 10 and 92 µg MeHg/day (mean value = 38 µg MeHg/day), values 393 that represent from 63% of the TDI to 6 times the TDI (mean = 1.9 times the TDI). 394
When the value established by USEPA is used as the toxicological reference value, the 395 limit is exceeded for both children and adults and over the entire range of bioaccessible 396
MeHg concentrations found in the fish analyzed. 397
These results show that there would still be a situation of risk if bioaccessible 398
MeHg concentrations were considered instead of using the concentrations in the 399 product, although the TDIs are 2.5 times lower than those obtained from the contents in 400 raw swordfish. If MeHg bioaccessibility were considered, therefore, perhaps the 401 recommendations concerning consumption of swordfish could be modified by 402 increasing the quantity consumed or the frequency of consumption. 403
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